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Background We prospectively studied iron intake in relation to the incidence of coronary disease in a 4-year follow-up of 44 933 men (with no previous history of cardiovascular disease) aged 40 to 75 years in 1986 who completed a food frequency questionnaire at baseline.
Methods and Results We documented 844 incident cases of coronary disease (249 nonfatal myocardial infarctions, 137 coronary disease fatalities, and 458 bypass operations or angioplasties). After adjustment for established risk factors, there was no significant association between total iron intake and risk of coronary heart disease. Men in the highest quintile of total iron intake (median, 37 mg/d) had a relative risk (RR) of fatal coronary disease or nonfatal myocardial infarction of 0.73 (95% confidence intervals [CI] , 0.51, 1.06) compared with men in the lowest quintile of intake (median, 11 mg/d). Dietary intake of heme iron -mainly from red meat -also was not significantly associated with risk of coronary heart disease. However, incidence of fatal coronary disease or nonfatal myocardial infarction was higher among men in the top quintile of heme iron intake compared with men in the lowest quintile (RR, 1. 42; 95% CI, 1.02, 1.98). This association remained after adjustment for dietary cholesterol and fats. Heme iron but not total iron intake was positively correlated with serum ferritin among 123 members of the cohort who participated in a validation study.
Conclusions These results do not support the hypothesis that dietary iron in general increases coronary risk in men; they are consistent, however, with an increased risk of myocardial infarction among men with higher intake of heme iron, which is itself positively associated with iron stores. (Circulation. 1994;89:969-974.)
Key Words * heart disease * diet * risk factors F ree iron-a catalyst of the production of free radicals -has been implicated in lipid peroxidation' and ischemic myocardial damage.2'3 However, direct evidence that high stored iron levels or high iron intake affects the incidence of coronary disease in humans is limited. In a recent Finnish prospective study, serum ferritin and dietary intake of iron were strongly associated with risk of myocardial infarction. 4 In a larger study conducted in the United States, no significant association was found between serum ferritin and risk of myocardial infarction. 5 We report here the association between iron intake and the risk of coronary disease in a large prospective study among US men. Because the absorption of heme iron is more complete and less well regulated than that of nonheme iron,6 we also examined the specific association of heme iron intake with coronary disease incidence. January 31, 1990 (the date the 1990 questionnaire was initially mailed). Relative risks were calculated as the incidence rate of coronary disease among men in each category of iron intake divided by that rate among men in the lowest category of intake. We adjusted relative risks for age (5-year categories) using the Mantel-Haenszel method.13 The Mantel extension test14 was used to test for a linear trend. To adjust for other risk factors, we used multiple logistic regression to generate odds ratios as an estimate of relative risk. In multivariate logistic models, we tested for significant monotonic trends by assigning each participant the median value of the category and modeling this as a continuous variable.
Methods
Differences in trends between subsamples of the study population were tested assuming a normal distribution of the corresponding regression coefficients. All probability values are two sided.
Results
During 157 010 person-years of follow-up, we documented 844 coronary events. This included 137 coronary heart disease deaths, 249 nonfatal myocardial infarctions, and 458 coronary bypass grafts or percutaneous transluminal coronary angioplasties.
The median intake of energy-adjusted total iron was 11 mg/d among men in the bottom quintile and 37 mg/d among men in the top quintile. Comparable numbers for intake of energy-adjusted heme iron were 0.7 mg/d and 2.1 mg/d (Table 1) . Total iron intake was inversely associated with smoking, directly associated with intake of vitamins and fiber, and only slightly or not associated with dietary fats. In contrast, heme iron intake was directly associated with smoking, inversely associated with intake of fiber and vitamins, and directly associated with dietary fats (Table 1) . Because of the small contribution of heme iron to total iron intake, differences in total iron intake between individuals are almost entirely accounted for by differences in intake of nonheme iron (correlation coefficient of total iron intake with nonheme iron intake, r=.99). Being almost identical to those for total iron intake, results for nonheme iron intake have not been included in this report.
When adjusted for age and energy intake, intake of total iron was associated with a decreased risk of myocardial infarction; the relative risk (RR) for the highest versus the lowest quintile was 0.72 (95% confidence intervals [CI], 0.51, 1.00; P for trend, .02). Intake of heme iron, similarly adjusted, was associated with an increased risk of myocardial infarction. The relative risk for the highest compared with the lowest quintile was 1.68 (95% CI, 1.23, 2.29). Neither total iron nor heme iron intake was associated with risk of coronary artery surgery. The association of heme iron intake with risk of fatal coronary disease (RR, 2.33; 95% CI, 1.36, 3.98) was stronger than its association with risk of nonfatal myocardial infarction (RR, 1.44; 95% CI, 0.98, 2.10) ( Table 2) . 18) . Also, the association between heme iron intake and risk of myocardial infarction was weaker -but not significantly weaker -among never-smokers compared with past and current smokers (Table 4) . No clear differences in the association between heme iron intake and risk of myocardial infarction were observed in analyses stratified by history of hypercholesterolemia (Table 4 ). The association between heme iron intake and myocardial infarction was not changed by age or history of hypertension (data not shown).
To understand further this relation, we examined the contribution of individual food items to the differences in total heme iron intake in the study population. In stepwise regression with energy-adjusted heme iron as the dependent variable, beef, pork, or lamb as a main dish was the first variable to enter the model (R2=.44).
Other food items that contributed to heme iron intake were liver, beef in mixed dishes, hamburger, chicken, shrimp, and fish. After adjustment for standard risk factors, saturated fat, and cholesterol intake, the relative risk of myocardial infarction for men consuming .beef four or more times per week compared with men consuming beef once per month or less was 1.38 (95% CI, 0.77, 2.29). A meat score-calculated as the sum in grams per day of beef (main dish or sandwich), hamburger, hot dog, chicken, liver, and other processed meat intake -was only weakly and not significantly associated with an increased risk of myocardial infarction; the relative risk for the top quintile (median intake, 145 g/d) compared with the bottom quintile (median intake, 16 g/d) was 1.18 (95% CI, 0.78, 1.80). Discussion In this large, prospective cohort study, we found no evidence for a positive association between total or nonheme iron intake and risk of coronary disease or myocardial infarction. Heme iron intake, largely from red meat, however, was positively associated with risk of myocardial infarction. This association was only partially accounted for by known risk factors for coronary disease and was stronger among men not taking vitamin E supplements.
Potential bias due to incomplete follow-up was minimized by the high follow-up rate. We also excluded from the analyses men with previous incidence of coronary heart disease who may have changed their diet as a consequence of the disease. A previous diagnosis of hypercholesterolemia or diabetes may have caused a change in diet among some participants in the study, but such changes are unlikely to cause a direct association between heme iron intake and risk of myocardial infarction. Random error in the measurement of heme iron intake, however, has probably attenuated the observed relation.
Because of the positive correlation of heme iron intake with total dietary fat, saturated fat, and cholesterol, potential confounding by these variables was a major concern in our analyses. However, adjustment for these variables led to only a modest change in the estimated association between heme iron intake and risk of myocardial infarction. pating in the US study is their baseline risk of coronary disease. Finnish men had higher prevalence of smoking, diabetes, and hypercholesterolemia than US physicians. Also, half of the US physicians were taking high doses of beta carotene, which may have modified the effect of increased iron stores, and many were taking aspirin, which leads to bleeding from the gastrointestinal tract.
In our study, the association between heme iron intake and risk of myocardial infarction was limited to men who were not taking vitamin E or multiple vitamin supplements and was stronger among men with history of diabetes or smoking. High doses of vitamin E prevent lipid peroxidation,17-20 whereas hyperglycemia21-23 and cigarette smoking24 increase lipoprotein oxidation. These results are consistent with the hypothesis that iron may adversely affect coronary risk only in the presence of oxidative stress from other sources. Free metal ions can catalyze the formation of the highly reactive hydroxyl radical from superoxide and hydrogen peroxide.' Whereas body iron is so tightly bound that there may not be free iron available in vivo under physiological conditions, oxidative stress can free iron from ferritin.2526 Thus, a preexisting oxidative stress may be required for the manifestation of the adverse effects linked to higher iron stores.
In addition to its possible chronic effect on lipid peroxidation and atherosclerosis, iron may be directly involved in the myocardial injury caused by ischemia and reperfusion. The results of animal experiments have shown that free radicals are generated after restoration of blood flow to ischemic myocardium27,28 and contribute to the consequent myocardial injury.29-31 A role of iron in causing myocardial damage in these animal models is supported by the protective effects of the iron chelator desferrioxamine.32-36 Also, iron loading increased the risk of ventricular fibrillation and reduced contractility in rats exposed to anoxic and reperfusion conditions37; ventricular fibrillation was prevented and contractility was normalized by adding desferrioxamine or the antioxidant cyanidanol-3 to the perfusion of the iron-loaded animals.
The association of heme iron intake with risk of myocardial infarction and fatal coronary disease but not with risk of coronary bypass surgery suggests that high iron stores worsen the myocardial injury caused by ischemia rather than promoting atherosclerosis. An alternative, albeit less likely, explanation for the lack of association of heme iron with coronary surgery is the frequently elective nature of this procedure: Men with higher heme iron intake may be less willing to undergo surgery for coronary disease.
We also should consider the possibility that intake of heme iron increases the risk of myocardial infarction by mechanisms partly independent from its effects on total iron stores. Perhaps some heme iron is incorporated into chylomicrons or leaks into the intestinal lymph. In vitro, heme causes extensive oxidation of low-density lipoproteins. 38 Finally, the observed association between heme iron intake and risk of myocardial infarction may be due to the adverse effect of some other unmeasured meat component. Because meat contributes almost all of dietary heme iron, we cannot exclude this possibility. However, heme iron intake had a stronger association ish men studied by Salonen Our results do not support the hypothesis that dietary iron in general increases the risk of coronary disease. They suggest, however, that high intake of heme iron is associated with an increased risk of myocardial infarction and are compatible with the possibility that increased iron stores may increase the risk of myocardial infarction. Our results also suggest that high intake of vitamin E may prevent the hypothetical adverse effect of heme iron, whereas diabetes and smoking may enhance it.
